H ip fracture is the most common serious injury of older people. Coexisting frailty and medical comorbidities are common. In the United States, there are approximately 250,000 cases a year among older people (65 years and older), 1 whereas the UK figure is around 70,000. 2 As populations age, these numbers are likely to increase, 3 as will numbers occurring in older and frailer people. 4 Mortality following hip fracture is high. Historically, in the United Kingdom, around 10% of people die within 30 days. Around one in 10 suffer loss of home, and continuing pain and loss of mobility are common. 5 Around a third die within a year, which is twice the mortality rate as in the general population of the same age. 6, 7 Hip fracture care is costly, with inconsistent quality and patient outcomes. 8 Annual medical costs are $12 billion in the United States, 9 and nearly $3 billion (£1.7 billion) in the United Kingdom including social care costs. 10 Early surgery, dedicated medical care, and rehabilitation following hip fracture can improve outcomes and reduce mortality as well as decrease costs. 8, 11, 12 The importance of coordinated multidisciplinary care is well recognized, 13 but its adoption varies widely between and within countries. 14, 15 The National Hip Fracture Database (NHFD) initiative was conceived in 2004 as a clinician-led collaboration between the British Orthopaedic Association (BOA) and the British Geriatrics Society (BGS), professional associations that cover England, Wales, and Northern Ireland. 16 It was launched in 2007 with the explicit aim of improving hip fracture care using the synergy of clinical standards, audit, and feedback. A multidisciplinary team worked to produce a consensus set of 6 national clinical standards for hip fracture care: prompt admission to orthopedic care, surgery within 48 hours, the prevention of pressure ulcers, access to acute orthogeriatric care, assessment for bone protection therapy, and falls assessment. These standards were published by the BOA/BGS, alongside clinical guidance, as The Care of Patients with Fragility Fracture in 2007. 17 The NHFD initiative involves much more than data collection. It provides clinical teams in individual participating hospitals with continuous web-based feedback on their case mix, care and outcomes, and on their compliance with the 6 national clinical standards. It provides a telephone helpline, an informative website, and regional multidisciplinary meetings to support local clinical leadership and encourage sharing of good practice. From 2010, annual national reports have allowed public comparison of findings between participating hospitals and the results demonstrate successive improvements in audited standards of care. 2 Although the self-reporting of improvements in care and outcomes by large-scale clinical audits is encouraging, a more rigorous external evaluation of their impact is necessary but methodologically challenging. 18 However, an opportunity for such an evaluation has arisen in England, where all NHS hospitals that provide trauma care now participate in the NHFD initiative. 
METHODS

Intervention: The BOA/BGS NHFD Initiative
The intervention, referred to in this study as the NHFD initiative, consists of the BOA/BGS national clinical standards, data collection, and feedback, together with NHFD-led activities to support regional and national sharing of good clinical practice and encourage local implementation at hospitals.
We describe the increase in individual hospital participation in the NHFD over the years 2007-2011, with participation defined by the start of regular submission of hospital audit data to the national database (http://www.nhfd.co.uk/20/ hipfractureR.nsf/ResourceDisplay).
Patient Cohort
For this external evaluation, we used an anonymized extract of patient records from routinely collected administrative hospital data, the Hospital Episode Statistics (HES), 19 which covers all admissions to NHS hospitals in England. HES data were linked to the Office for National Statistics' database of all registered deaths in England. 20 The HES database contains records for each episode of care under the care of a physician and, if patients were transferred between physicians, multiple records for single patients arise. To avoid duplicate reporting and to document the entire period of NHS care, we merged episodes of care using an anonymized patient identifier. Patients' diagnoses in HES are coded using International Classification of Diseases, 10th revision, and surgical procedures are coded using the classification of surgical operations from the UK Office for Population Censuses and Surveys (OPCS), version 4.
Records were extracted for patients aged 60 or over with an emergency (unplanned) hospital admission to an NHS hospital with a fractured neck of femur between Jan- 
Processes of Care and Mortality
The quality of care was measured in 2 ways: whether patients underwent surgery; and whether patients had early surgery, defined as surgery either on the day of or the day after admission to hospital. Patients who had hip fracture surgery were identified in HES using OPCS codes for primary open or closed reduction and internal or external fixation (OPCS codes: W19, W20, W22, W24), hemiarthroplasty involving prosthetic replacement of head of femur (codes: W46-W48), and total hip replacement (codes: W37-W39; W93-W95). Analysis of early surgery was restricted to patients who had surgery (N = 423,365).
Mortality was calculated at 30, 90, and 365 days from the day of hospital admission for all patients, including those who did not have surgery. We used the date of death from the Office for National Statistics death register, which is highly accurate. 20 Statistical The log rate of each variable was fitted as a linear function of continuous time, with an interaction term to test for a change in slope. We adjusted for sex and age category plus their interaction, and for known seasonal variation (dummy indicators for calendar quarter, with January-March as the reference). 21 We tested for effects of residual autocorrelation by including lagged values of the deviance residuals for each age-sex group. 22 Models were estimated via maximum likelihood using Stata 13.1.
Results are presented as annual rate ratios with 95% confidence intervals (CIs) for the 2 time periods 2003-2007 and 2007-2011 . P values are from Wald tests for change in time trend across the 2 periods. Absolute reductions in 30-day mortality are expressed in percentage points calculated from model predictions that were weighted to the age and sex distribution of the sample over the entire study period. (Table 1) .
RESULTS
Hospital Participation in the NHFD
National Trends in Care and Mortality after Hip Fracture
Over the whole study period 2003-2011, the percentage of patients who underwent hip fracture surgery remained stable before 2007, and then increased from 89.6% in 2007 to 91.7% in 2011. Of patients who had surgery, the percentage having early surgery increased from 54.5% in 2007 to 71.3% in 2011, whereas the rate had remained fairly stable over the period [2003] [2004] [2005] [2006] [2007] (Table 2) . Thirty-day mortality fell from 10.9% to 8.5% over the period 2007-2011, compared with a small reduction from 11.5% to 10.9% over the 4 preceding years. In addition, greater reductions in 90-day and 365-day mortality were observed after 2007.
These improvements in care and survival occurred in the context of a gradual rise in hip fracture admissions in England, from 51,985 in 2003 to 53,879 in 2011. The age composition of the hip fracture population remained stable, with an average age of 82.5 years, and around a fifth of patients aged 90 years or older (Table 2) . However, the proportion of men, for whom the mortality rate is approximately double that for women, rose from a fifth to a quarter.
There was evidence of autocorrelation in rates of early surgery from one time-point (3-month interval) to the next, but no evidence of autocorrelation in the mortality time series. Adjustment for residual autocorrelation did not affect the estimated time trends presented below. Table 3 
Impact of NHFD Initiative on Rates of Early Surgery
DISCUSSION
Main Findings
This external evaluation of the NHFD initiative, a national clinician-led initiative to improve hip fracture care, demonstrates substantial improvements in hospital performance and patient survival following its launch in 2007 and its expansion over the study period 
Study Strengths and Weaknesses
We used routinely collected hospital data from HES, which has the advantage of containing records for all patients treated in all NHS hospitals in England, with records available for care over several years before and after the NHFD's launch in England. Our sample included all patients admitted to an English NHS hospital with a hip fracture over the study period.
There are limitations arising from the use of routinely collected data. These include the quality and scope of the data. We addressed both in a previous study comparing diagnostic and procedure coding in HES and NHFD, 23 confirming the accuracy of diagnostic coding of hip fracture, a major and also a well-defined injury. We limited the analysis strictly to care processes that can be accurately measured using administrative data (i.e. the use and timing of surgery). Clearly, improvements in other less well-documented aspects of care will have contributed to the observed improvements in survival, for example, increasing orthogeriatrician involvement in acute hip fracture care, including preoperative assessments that facilitated early surgery.
We decided not to adjust for comorbidity because of concerns about the possible effect of growing emphasis on the documentation of comorbidity over time in HES. 24 A large local clinical database, with consistently detailed documentation over time, suggests a real increase in the prevalence of comorbidities. 25 Thus, our estimates may understate improvements in survival attributable to better care in a more challenging population.
Our statistical models were based on the assumptions that time trends in the log rates of variables were linear. We checked this assumption by testing the significance of adding a quadratic term for time to the model using data from 2003-2007, and found that it was nonsignificant both for early surgery (P = 0.43) and for 30-day mortality (P = 0.16).
Other concurrent national policies could have contributed to the effects that we observe, such as the work of the NHS Institute for Innovation and Improvement. 26, 27 The introduction of financial incentives under the Best Practice Tariff (BPT) scheme in April 2010, which extended the BOA/BGS clinical standards to include orthogeriatrician participation within 72 hours and surgery within 36 hours, appears to have contributed to a sharp increase in rates of early surgery in 2010-2011. 28 However, the decrease in mortality was observed from 2007, before BPT was introduced, coinciding with increasing rates of preoperative geriatrician assessment between 2007 and 2009. 2 
Implications
The decrease in 90-day mortality was greater in absolute terms than the decrease in 30-day mortality over the period 2007-2011, and similar in magnitude to the decrease in 365-day mortality. This result suggests that better acute hip fracture care reduces mortality within the first 90 days and that this reduction is maintained at 1 year. Importantly, this shows that early mortality was not simply deferred; improved longer-term survival is sustained. This is consistent with evidence that between 17% and 32% of deaths after hip fracture are potentially avoidable. 29 However, with around 20% of our sample aged 90 or older, an irreducible 1-year mortality should also be recognized.
The NHFD initiative started with a multidisciplinary meeting in 2004 and evolved as a collaborative nation-wide initiative rather than a pre-determined top-down program. It drew on the work of the Swedish Rikshoft and the Scottish Hip Fracture Audit, as well as on recent advances in webbased technology to support national clinical audit. It used the combination of clinical standards, data collection, and feedback to support hospital clinical teams in their efforts to Figures are percentages unless otherwise stated. *National launch of the NHFD initiative. The percentage of patients who had their operation on the day of, or day after, admission to hospital, excluding patients who did not have surgery. For rate of early surgery (day of, or day after, admission), the sample is restricted to patients who had surgery (n = 423,365).
improve hip fracture care. It is important to recognize the impact of these wider aspects of the initiative, not only in achieving improved care and survival, but in functioning as a broadly based quality improvement initiative.
The NHFD's impact resulted from the use of clinical standards and audit to raise awareness of hip fracture care and the potential for its improvement. In particular, and in marked contrast to feedback via annual reports, continuous web-based feedback enabled clinical teams to scrutinize the care they provided over time, to identify problems and set about solving them, and to monitor the effects of this on care and outcomes.
This wider use of the audit to prompt and monitor initiatives to improve clinical care and service structure by individual hospitals was shared in regional meetings and documented in NHFD annual reports, thus spreading knowledge of good practice in audit and change. For example, clinicians and managers in 2 hospitals in North East England launched a quality improvement initiative in 2009, partly prompted by national benchmarking that revealed an aboveaverage mortality rate in 1 hospital. The care pathway and patients' experiences were reviewed and local targets were set to reduce waiting times for surgery, and provide additional support with nutrition. Progress was monitored locally using new user-defined fields alongside the standard data collected by NHFD. Over the subsequent 18 months, 30-day mortality fell sharply, and patient and carer satisfaction was high. 30 The NHFD initiative was deliberately structured to achieve its prime goal of improving quality and outcomes in hip fracture care. A small central implementation group was established with a strong clinical focus and worked to support the best use of audit as widely as possible. During the period of this study, 2 project coordinators provided a telephone helpline, ran data quality workshops for hospital audit staff, and organized regular regional NHFD meetings bringing together multidisciplinary teams to share national developments and local good practice. As a result, the coordinators developed strong and extensive personal contacts with participants. A website for NHFD was developed, and included a database of hip fracture literature, case studies of good practice, model business cases and job descriptions: all of use in facilitating effective participation.
It is impossible to disentangle the synergistic effects of these activities in an evaluation of the NHFD initiative, but the general effectiveness of augmenting clinical audit with measures to help hospitals to use data for improving services has been demonstrated in other contexts. 31 It is likely that the improvements in care and survival demonstrated are attributable, at least in part, to the fact that the NHFD initiative, as a large-scale, comprehensive, and supportive national quality improvement initiative, succeeded in creating "a critical mass of enthusiasm and expertise in hip fracture care." 32 
Research in Context
Improvements in audited care and outcomes documented by many large-scale clinical audits, including the NHFD, are readily available. 2, 33 However as they are essentially self-reporting, they are lacking in objectivity.
The objective evaluation of large-scale quality improvement initiatives matters because they are recognized as important, useful, sometimes transformative, and also costly. However, major methodological challenges arise in their evaluation because of their scale and complexity. 18 In theory at least, cluster randomization at the hospital level might be considered to evaluate the impact of initiatives to support quality improvement. In practice, this would raise problems in terms of cost, delay, and lengthy time to produce an effect. More seriously, this approach would be at odds with the culture of clinical leadership, local ownership, and sharing of knowledge and good practice that large-scale initiatives seek to promote, and upon which their success arguably depends. The limitations of the randomised controlled trials in more complex contexts are increasingly recognized. 34 The present study addresses the challenge of objective evaluation of a major national clinical audit by being the first to use time trends in external national data extending from well before the audit's launch and through a subsequent rise to national coverage. It demonstrates the possible contribution of a large-scale audit to improved care and survival, shows clearly that these improvements did not merely represent a continuation of already existing trends, and contributes to a small but necessary set of rigorous observational studies that attempt to evaluate large-scale complex improvement initiatives. 35 
Unanswered Question for Future Research
One of the key developments in hip fracture care in England has been the increasing contribution of orthogeriatrics, an expanding subspecialty within geriatric medicine. 36, 37 A further rise in orthogeriatrician involvement followed its specification as a BOA/BGS care standard, audited via the NHFD and later under the BPT financial incentive scheme. More detailed work is needed on the impact on patient care of individual hospital participation, the development of orthogeriatrician participation and the effectiveness of different forms of collaborative orthogeriatric and surgical care as the NHFD evolved. An economic evaluation of the impact of the NHFD initiative would also be useful to determine its cost-effectiveness, which could influence the adoption of such programs internationally.
CONCLUSIONS
This evaluation of the impact in England of the NHFD, a national initiative to improve hip fracture care, suggests that it has prompted improvements in hospital care leading to substantial and sustained improvements in survival. Previous work has demonstrated an increase in survival after hip fracture at national level in England since 2001. 38 This work now shows that most of this reflects the impact since 2007 of the NHFD.
